Sporeformers isolated from a commercially canned food were identified as Bacillus cereus, lactose-positive variants. The thermal resistance of spore crops produced from each of two representative cultures was determined in 0.067 M phosphate buffer at pH 7.0. The D12,A, values for one isolate were approximately 0.03 min (z = 9.9 C), whereas the D121.1 values for the other isolate were 2.35 min (z = 7.9 C). Thermal inactivation results for heat-stressed isolates from each strain showed no significant alteration in heat resistance from that of the two parent spore crops. Both isolates were reactive when injected into the ligated rabbit ileum.
In canned foods the organism of primary con-i cern in any consideration of microbiological problems of public health importance is Clostridium botulinum. Little attention has been given to other sporeformers that can cause food poisoning (3), because they are generally believed to have a heat resistance less than that of C. botulinum (15) . As part of the regulatory obligation of the Food and Drug Administration, we examine abnormal cans of food for microorganisms. This report describes the results of a study of a strain of Bacillus cereus of unusual heat resistance isolated from abnormal cans of commercially canned food.
MATERIALS AND METHODS Cultural procedures. Swollen cans of one lot of underprocessed soup from one manufacturer were examined by methods described previously (7) . Aerobic sporeformers were obtained in pure culture. Spore crops were produed according to Angelotti et al. (2) . Suspensions were washed five times and stored in double-distilled water at 4 C until use.
Thermal resistance. A portion of each test suspension was diluted in 0.067 M phosphate buffer, pH 7.0, to approximaely 4 x 106 organisms/ml, and 1-ml aliquots were dispensed into borosilicate glass tubes (13 by 100 mm). The tubes were heat sealed without raising the temperature of the contents above 37.8 C.
The sealed tubes were immersed and heated in an oil bath at various temperatures between 104.4 and 129.4 C and then cooled in ice water to 4.4 C. All inactivation determinations were done in triplicate tubes, and duplicate studies were made at each temperature.
Heating and cooling curves for 0.067 M buffer were prepared for each final heating temperature from data obtained with thermocouples and a temperature recorder. Experimental heat exposure times were corrected for lags in heating and cooling (1) .
Plate counts were determined for each tube using dextrose tryptone agar (Difco) as the recovery medium. Plates were overlayed to prevent spreading and inhibit agar drying, incubated at 35 C for 7 days, and counted. Initial counts for each run were prepared from tubes that were heat shocked for 10 min at 80 C. Log10 counts per milliliter were related to each heating interval.
The rates of thermal inactivation were determined at temperatures between 104.4 and 129.6 C. A linear regression over 6 log cycles of logio counts per milliliter versus heating times was computed (13) (16) . An active test culture was obtained from a parent spore crop by repeated transfer in brain heart infusion (BBL) incubated at 32 C. From an initial overnight stationary culture, 2 ml was transferred to 50 ml of brain heart infusion in a 250-ml Erlenmeyer flask, with subsequent incubation in a gyratory shaking incubator (150 rpm, New Brunswick Scientific Co., New Brunswick, N.J.) for 5 h. Two milliliters of the resulting culture was transferred into a second 50 ml of brain heart infusion and incubated for 5 h, followed by a third similar serial transfer and incubation for 
RESULTS
Six cultures were obtained from a commercially canned food. From a preliminary examination of biochemical characteristics, all cultures were found to be essentially identical. However, one strain (culture 2) was markedly more heat resistant than the other five strains. Culture 2 and one of the other five cultures (culture 1) were selected for further study.
Isolates from both cultures were large, motile, gram-positive rods that produced oval, subcentral spores without swelling of the sporangium. The biochemical reactions were consistent with those of a lactose-positive variant of B. cereus, and this identification was confirmed by R. E. Weaver, Center for Disease Control, Atlanta, Ga. Isolates from both cultures were reactive in the rabbit ileal loop test.
The thermal characteristics determined by heating each of the two cultures in 0.067 M, pH 7.0, phosphate buffer at various temperatures between 104.4 and 129.6 C are shown as D values in Table 1 . The z values were 9.9 and 7.9 C for cultures 1 and 2, with correlation coefficients (r) of -0.997 and -0.988, respectively. The D values obtained are plotted against the various temperatures used for each culture in Fig. 1 .
To determine the possibility of the heatresistant culture arising as variant of the more sensitive culture, dilutions of the spore suspension from culture 1 were heat stressed for 30 min at 100 C. In addition, culture 2 dilutions were stressed for 12 min at 121.1 C. Five surviving colonies were picked from each of the stressed suspensions, and additional spore crops for each colony were produced according to Angelotti et al. (2) . Thermal inactivation results for these isolates showed no significant alteration in heat resistance from that of the two parent spore crops. DISCUSSION The thermal resistance values described for culture 1 are in general agreement, whereas those for culture 2 Of principal concern is the interrelation between the origin and the heat resistance of the two isolates. In studies in 1957 on the heat destruction of spores of B. cereus, Vas and Proszt (18) found that it was not possible to increase the heat resistance of bacterial populations by subculturing the survivors of severe heat treatments. They concluded that these survivors were not heat-tolerant cells derived by mutation but were simply manifestations of natural biological variability. Later, Vas (17) stated that the distribution of heat resistance among B. cereus spores was phenotypic in character.
Our results substantiate the conclusions of Vas and Proszt in that we were unable to recover spores of increased heat resistance from among survivors of either culture after heat stress experiments. In all cases, the D value of each stressed isolate was identical to that of its parent strain. Furthermore, the thermal characteristics of cultures 1 and 2 remained unchanged during long-term storage for more than 1.5 years. We, therefore, conclude from these data that these cultures are each stable strains, differing primarily in their thermal destruction rates. ileal loops. We also express our appreciation to R. E. Weaver, Center for Disease Control, Atlanta, Ga., for identification of the cultures used in this study. Appreciation is extended to David F. Brown for his performance of the rabbit ileal loop experiments.
